/ 

RADC-TR-76-180 
In-house  Report 
June  1976 


■ 

■ 

a 

Ci 

© 

o 


VHF/UHF  Antenna-to-Antenna  Coupling  Test  Report 

Kenneth  R.  Slarklevicr 
Robert  L.  White 


Approved  for  public  release;  distribution  unlimited 


ROME  AIR  DEVQJOPMEKT  CENTER 
AIR  FORCE  SYSTEMS  COMMAND 
GRIFFISS  AIR  FORCE  BASE,  NEW  YORK  13441 


* 


Thin  report  has  been  reviewed  by  the  Office  of  Information,  RADC,  and 
approved  for  release  to  the  National  Technical  Information  Service  (NTIS). 

At  NTIS,  it  will  be  available  to  the  general  public,  including  foreign  rations.  1 

. i 

This  report  has  beer  reviswed  and  approved  for  publication. 


SAMUEL  D.  ZACCARI 

Chief,  Compatibility  Branch 

Reliability  & Compatibility  Division 


Chief,  Reliability  & Compatibility  Division 


FOR  THE  COMMANDER: 


JOHN  P.  HUSS 
Acting  Chief 
PlanB  Office 


Do  not  return  this  copy. 
Retain  or  destroy. 


- ■■ ' «**/» 


* :J: 

V. 


UNCLASSIFIED 

St  CuR'IV  CL  A SVl  1C  ATlON  of  T H I ^ «*  *0E  (H'h#,.  FVr#  H ,i*r*.i) 

REPORT  DOCUMENTATION  PAGE 

X REP.QB.T  KUM4J&R  " GOVT 

RADC-TE-76-18G  v I 


3 Arp  ki-:ai?  instructions 

HVJC __ n K FOR C rcAtpi.KTlKG  FORM 

2 GOVT  ACCESSION  NoTj  J P£c7~  F NT'S  C AT  a..OG  numO  ER 


4 TTLF  (mnd  iublll.’lj  _ 5 TvfLO?  F.EPGRT  WVfftE  O 

pH-q  ca  * 

' VHF/UHF  Ancenna-to-Antenaa  Coupling  Tost  Report,.  1 Juno  73  1 Oct  73 

a - . _ "e  » c i*  f ipnm  n o«  < '.^"cpcb  t £ Jm  b"c  ft 


• ...  

Kenneth  R.  SIarkiewic2 
Robert  L.  White 

1 PtC  'ORUING  OHC  ANIZ/TION  NAME  AND  ADDRESS 

Rome  Air  Envelopment  Center  (RBCT) 
Uriffiss  Air  Force  Base,  NY  13441 

•1  CONTROLLING  OEElCE  NAME  AnO  ADDRESS 


9 CONlNACT  O*  GRANT  NUMBER'*; 


io  ppcgpam  p.lement.  pROjtr*  task 

AREA  A WORK  UwiT  NVMOtRS  ' • 


/ • - — V / 


| 62702F 

| 45400132  ' / 

Hr  REPORT  OAtT^ 


Q 1 V June  1976  

i)aTne  n -+rjf+9Pfi~n 

rna 7 .L „ - _ J 

*4  MONITORING  AGENCY  N AMt  5 ADDRESS'?/  dlf?«tenl  from  Conrro/ffn^  Olfice)  IS  SECURITY  "CL'A'S^r  <-«t -Hrrw -rrrport) 

r Unclassified 

iifiliV 

' Sa  OECl  AS'sTfTcATION  oqwn'gr  ADiN  c 

schedule 


I 16  Dl  ST  Pl9'jT,ON  ST  AT  EmEnT  fnl  thf  ftapo’i; 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  f of  ih*  Bb*tt met  mr.  tarmd  In  »?/oc*  20,  H dUlBrent  from  Report) 


*e  SUPPLEMENTARY  NOTES 


’9  KEY  WQPOS  fCOnffnwo  on  reverse  tide  ll  nece  t emry  and  Identify  by  block  number) 


Anter.na  Coupling  AS-1131  A itenm 

Ai-197  Antenna  Electromagnetic  Compatibility 

AS-1018  Antenna 
AS-1097  Antenna 

?0  ABSTRACT  'COnff nu»-  on  rover**  aide  II  neitmeery  and  ldenH*y  by  Mo  k number) 

^ Ibis  report  presents  the  lesults  of  coupling  measurements  made  between  pairs 
of  commonly  used  communications  antennas  (i.e.,  AT-197,  AS-1018,  AS-1097,  and 
AS-1181).  The  coupling  was  measured  as  a function  of  the  horizontal  and  verti- 
cal separation  distances  betwe,  n the  antennas.  The  measurements  were  made  over 
a frequency  range  of  100  MKz  to  400  MHz,  and  the  coupling  is  presented  as  a 
function  or  frequency  on  oscillographs.  , 

V 

\ 

DD  , jAN^3  1473  eoi-.onof  nov  65  is  obsolete  UNCLASSIFIED  '?  ^ , /~y 

SECURITY  CLASSIFICATION  of  This  P AGE  (Lfrer/oetm  f^'te,  «dj 


UNCLASSIFIED 


i 

stcufinv  cl Ass«ric / 


I 

1 


TABLE  OF  CONTENTS 


SECTION 

I.  INTRODUCTION 

II.  BACKGROUND 

III.  DESCRIPTION  OF  ANTENNAS 

IV.  DESCRIPTION  OF  TEST  SITE 

V.  TEST  PROCEDURES 

VI . SYSTEM  CALIBRATION 

VII.  TEST  RESULTS 


PAGE 
1 
1 
2 
8 
1 1 
14 
16 


LIST  or  FIGURES 


FIGURE  PAGE 


1 . 

TYPE 

AT-197/GR  ANTENNA 

3 

o 

L.  , 

TYPE 

AS-1018/URC 

antenna 

5 

-j  • 

TYPE 

AS-1097/GR 

ANTENNA 

6 

4 . 

TYPE 

AS  - T 1 81 /UR 

ANTENNA 

7 

5. 

POLE 

NUMBERING  AND  POSITIONING 

9 

6. 

ANTENNA  COUPLING 

MEASUREMENT  SETUP 

1 3 

7. 

SYSTEM  AND  CABLE 

CALIBRATION 

1 5 

v 


,=r 


fBECECim  PAOE  BLANK-HOT  tlUSB 


MtrnMummimmm 


LIST  OF  TA8LES 


TABLE 

I test  antf.nna  specifications 

1 I . test  equipment  list 

HI.  INDEX  OF  TEST  PHOTOGRAPHS 


i_.  jjj  ko  uu  c JJ  u ; 

II, l objective  of  this  effort  is  to  provide  coupling  data 
on  four  c onnu  n i ca  t i on  s antennas  utilizin']  specified  antenna 
geoi  etries  of  horizontal  separation  and  vertical  displacc- 
reiit.  Three  of  the  antennas  operate  in  the  Clip  band,  while 
the  four  in  operates  in  the  VHF  band. 

The  icmainder  of  this  report  is  oiviceu  as  follows. 

Section  II  outlines  the  background  of  the  problem  and  the 
re-Qj  i nr.ien  t for  the  data.  The  following  three  sections 
I rovuic  jt- sc  r i p t i o n s of  the  antennas,  test  site  an-J  test 
equipment  (including  test  procedures!,  respectively.  Section 
VI  discusses  the  system  calibration  data  to  be  used  i r,  con- 
junction with  the  measured  antenna  coupling  oata  to  obtain 
tie  an  tc  nr.a  - 1 o -a  n t enna  coupling.  T nt  final  section  provides 
oscilloscope  photographs  of  the  measureu  antenna  coupling  data. 


II.  C i C hu  Is 0 L)  i<  L 

Ti,e  Air  Force  Communications  Service  'AFCS)  is  responsible 
for  tic  design,  installation  and  ma  i n ter,  a r.  <e  of  Air  Force  grojnd 
communication  systems.  As  such,  it  is  frequently  faced  with 
the  task  of  locating  more  then  one  system  at  the  same  location. 
Although  the  systems  may  be  operating  a l widely  separated 
frequencies,  the  possibility  of  mutual  interference  is  still 
great.  This  is  due  to  the  fact  that,  no  system  transmits 
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just  one  f r e que  t.c  y au  nc  system  is  sensitive  to  just  one 
frequency. 

There  are  three  principal  methods  that  can  be  used  to  reduce 
the  r i s ^ a no  the  effects  of  mutual  i ncompa t i L> i 1 i ty . These  are 
f re cue. icy  separation,  time  separation  and  spatial  separation. 

The  ARCS  installations  make  use  of  Loth  frequency  and 
spatial  separations.  however,  data  is  lacking  on  the  antenna- 
to-aMer.na  coupling  as  a function  of  frequency  anu  horizontal 
separation  and  vertical  d i spl  ace.ner.t  between  transmitting 
anj  receiving  antennas.  The  data  contained  in  this  report 
frevido  the  s p a t i a 1 information  for  specific  geometries  and 
antennas  in  the  V liF  and  uhF  frequency  Lands. 

III.  LtSCRlPTIOh  or  AliT  LudAS 

Inis  section  contains  a summary  of  the  characteristics 
of  oacn  antenna  tested.  Photographs  of  the  antennas  are 
included  os  veil  as  a tallc  outlining  the  most  relevant 
characteristics. 

I y P d /'  T - jj?_7 J j il  ( r i g u r e 1 . ) 

1 he  Ai  - 1 f;//:>  is  a vertically  polarized  disc-cone  antenna 
operating  i n the  cJL-4CC  ’inz  frequency  range.  It  possesses  a 
radiation  pattern  which  is  circular  within  0.5  d 0 and  a 1.0:1, 
maximum,  standing  wave  ratio  to  a 50-ohm  system. 
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(Figure  2 . ) 


Type  AS  - 1 Clb/URC 

The  AS-1CU/:,RC  antenna  assembly  is  a vertically  polarized, 
broadband  c omm  un  i c a t i o n s antenna  used  in  t he  223-460  Tlliz 
frequency  range.  The  horizontal  radiation  pattern  is  circular 
i within  +1.0  db.  The  input  impedance  is  3 0 ohms,  with  a 
standing  wave  ratio  of  2. 0:1.0.  The  gain  of  the  antenna  is 
+ 5 d(.  above  an  isotropic  source. 

Type  AS-1097/GK  (Figure  3.) 

ri.c  A5-  1 097/GR  antenna  is  a vertically  polarized,  four- 
element  stacked  array  designed  to  operate  in  trie  frequency 
range  223  111  z to  4CC  Mt.z . T he  input  VSWR  is  less  than  2:1 
to  a 50-ohm  transmission  line.  The  horizontal  radiation  pattern 
is  circular  within  +0.73  dL.  Antenna  gain  is  a minimum  4 an 
above  a half-wave  dipole. 

Type  AS-1181/UR  (Figure  4 . ) 

The  A S-llbl/'JR  antenna  is  a vertically  polarized  half-wave 
dipole  encaseu  in  a Fiberglas  radome  making  it  completely 
v.j'ir[  roof.  The  antenna  is  designed  to  operate  throughout 
the  100-136  ‘‘ihz  frequency  range  witliout  field  adjustments. 

T ne  VS'.-.'i?  is  less  than  2.0  to  1.0,  maximum,  across  the  entire 
frequency  range.  The  horizontal  pattern  of  the  antenna  is 
circular  within  +0.3  dL)  for  any  angle  in  azimuth. 
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TABLE  1 


TEST  ANTENNA 
TABLE  OF  SPECIFICATIONS 


ANTENNA 

TYPE 

FREQ.  RANGE  POLAR. 

(MHz) 

GAIN 

( d B above 
isotropic ) 

IMPEDANCE 
(ohms ) 

AS- 1 01 8/URC 

225-400 

Vertical 

5 

50 

AS- 1 181/UR 

100-156 

Vertical 

* 

* 

AT-197/GR 

225-400 

Vertical 

0.3 

52 

AS- 1 097/GR 

225-400 

Verti cal 

4.0  * 

* 

* Not 

1 i sted 

NOTE: 

All  beam 

patterns  are 

ci rcul ar 

■ 

IV.  DESCRIPTION  OF  TEST  SITE 


This  section  contains  a summary  of  the  test  site  and  the 
location  of  the  mounting  poles  with  respect  to  each  other.  Also 
described  are  the  mounting  arrangements  of  the  four  antennas  on 


the  three  poles  to  simulate  the  specified  horizontal  and  vertical 
separation  distances. 

All  field  tests  for  the  antenna  coupling  program  were  con- 
ducted at  the  Stockbridge  Test  Annex  located  twenty-five  miles 
southwest  of  Griffiss  Air  Force  Base. 
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Three  sixty-foot  telephone  poles  were  erected  and  aligned 
to  provide  straight-line  horizontal  separation  distances  of 
6 , 7 , 8 and  20  feet . 

The  antennas  were  mounted  on  any  of  the  three  telephone 
poles  (which  were  unguyed).  The  poles  were  standing  in  line 
with  approximate  center-to-center  separations  as  shown: 


1 2 3 


Figure  5.  Pole  Numbering  and  Positioning 

In  the  first  series  of  tests  (single  pole),  two  antennas 
were  mounted  on  the  same  pole.  In  all  cases  the  top  of  the 
lower  antenna  w*a  positioned  to  be  36.5  feet  above  the  ground. 
The  bottom  of  the  upper  anter.na  was  then  mounted  to  be  either 
41.5  or  46.5  f^et  above  the  ground.  This  simulated  a separation 
distance  of  5 or  10  feet,  r*_ jpectivel y.  Any  one  of  the  four 
antenna  types  could  be  used  for  the  bottom  antenna  and  matched 
against  any  of  the  four  antenna  types  mounted  at  the  higher 
level . 

In  the  second  series  of  tests,  poles  1 and  2 were  used  to 
effect  horizontal  separation  distances  of  6,  7 and  8 feet. 

This  was  accomplished  by  rotating  the  antenna  brackets 
(Figures  1-4)  around  the  poles.  Any  one  of  the  four  antennas 
was  mounted  on  one  pole  so  that  its  top  was  36.5  feet  above 


9 


ground.  Another  antenna  was  mounted  on  the  second  pole 
similarly  to  effect  a zero  vertical  displacement,  or  it  was 
mounted  such  that  Its  base  was  41. i>  or  46.5  feet  above  the 
ground,  simulating  a vertical  displacement  of  5 feet  or  10 
feet,  respectively. 

In  a final  series  of  tests,  the  antennas  were  mounted  on 
poles  2 and  3,  effecting  a separation  distance  of  20  feet. 

The  positioning  of  the  antennas  on  the  poles  to  simulate 
vertical  displacements  of  0,  5 and  10  feet  was  identical  to 
that  used  when  the  antennas  were  mounted  on  poles  1 and  2. 

During  the  test  which  involved  a vertical  displacement, 
first  the  lower  antenna  was  excited  and  the  upper  antenna 
loadeu  and  then  the  upper  antenna  was  excited  and  the  lower 
antenna  loaded  for  second  case. 

The  quantity  measured  in  all  cases  was  the  power  received 
compared  to  the  power  out  of  the  signal  generator.  This  also 
includes  the  loss  In  the  cables  between  signal  generator  and 
antenna  and  between  measurement  equipment  and  antenna,  Dach 
of  these  cables  was  seventy-two  feet  long  and  nomenci atured 
as  RG-214.  The  total  loss  in  Loth  lengths  of  cables  is  shown 
i r,  Figure  7. 

T he  test  equipment  was  housed  in  a transportable  shelter 
located  20'  from  the  telephone  poles. 

Ninety  percent  of  the  measurements  were  conducted  on  dry 
ground,  v:ith  the  dally  temperature  in  the  50  to  80  degree 
range. 
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V.  TEST  PROCEDURES 


This  section  lists  in  step-by-step  form  the  measurement 
procedure  used  to  obtain  the  coupling  data  shown  in  the 
following  sections.  T he  block  digram  of  the  measurement 

setup  is  also  provided  in  tills  section,  at  well  as  a table 

♦ 

showing  name?  manufacturer  and  model  number  of  the  measure- 
ment equipment. 


Antenna  Coupling  Calibration  and  Test  Procedures 
(to  be  used  In  conjunction  with  figure  6.) 

1.  All  test  equipment  turned  on  for  at  least  one-half  hour 
prior  to  test  and  calibration. 

2.  Place  RF  coaxial  switches  In  position  #1. 

3.  The  signal  generator  Is  in  automatic  leveling  (ALC). 

4.  Sweep  selection  In  CW. 

5.  Increase  the  generator  power  output  until  the  network 
Analyzer  KEF  CHANNEL  LEVEL  is  in  the  (OPERATE)  range. 

C.  Position  the  generator  (start/cw)  and  (stop/AF)  dial 
indicators  to  the  limits  of  the  desired  frequency  range  to 
be  measured. 

7.  Place  the  generator  sweep  selector  switch  in  the  MANUAL 
position  and  the  manual  sweep  knob  in  ccw  position. 
b.  Turn  the  manual  sweep  knob  clockwise  across  the  desired 
frequency  range.  Observe  that  the  REF.  CHANNEL  LEVEL  meter 
remains  in  the  OPERATE  range,  indicating  the  ALC  is  working 
proper! y . 
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9.  Adjust  the  AMPLITULiL  TIST  CHANNEL  GAIN  DB  of  the  Network 
Analyzer  so  that  the  signal  level  will  coincide  with  the 
zero  reference  of  the  scope  display  (topmost  line). 

10.  Place  the  sweep  selector  In  the  TRIG  position. 

11.  Press  the  TRIG  tutton.  The  zero  trace  of  the  display 
will  be  the  calibrating  reference  of  the  signal  straight 
thru  the  switches. 

12.  Place  the  coax  switches  In  position  #2.  This  places  the 
Tx  and  |U  antenna  circuits  in  the  gain  test  circuit  of  the 
harmonic  frequency  converter. 

13.  Press  the  TRIG  button.  The  display  trace  will  show  the 
attenuation  of  the  Tx  to  Rx  antenna  circuits  from  coax  switch 
to  coax  switch.  This  also  includes  the  loss  in  the  two  72  foot 
cables.  The  known  attenuation  of  these  RG-214  cables  must 

be  removed  from  the  attenuation  of  the  display  of  the  frequencies 
of  Interest.  The  result  is  then  the  antenna-to-antenna  coupling 


T ABU.  II 


It  SI 

EQUIPMENT  LIST 

NAME 

MANUFACTURER 

MODEL 

Signal  Generator 

Hewlett  Packard 

8690B 

Frequency  Counter 

Hewlett  Packard 

5245L 

Network  Analyzer 

Hewlett  Packard 

8410A 

Harmonic  Freq.  Converter 

Hewlett  Packard 

84  11 A 

Display  Unit 

Hewlett  Packard 

8412A 

Crystal  Detector 

Hewlett  Packard 

420D 

Directional  Coupler 

Anzac 

CD-101 

Coaxial  Switch 

TRW 

H-65N 

hybrid  Junction 

Anzac 

HI 

VI. 

SYSTEM  CALIBRATION 

This  section  discusses  the  linearity  and  dynamic  range  of 
the  coupling  measurement  system  and  provides  the  calibration 
data  needed  to  arrive  at  the  figure  for  antenria-to-antenna 
coupling  using  the  data  presented  in  the  following  section.  An 
example  of  this  calculation  is  also  given. 

Ci.  Figure  7 photo  # 1 indicates  the  70  db  dynamic  range 
of  the  system.  It  also  shows  the  excellent  linearity  of  the 
system  over  the  100-400  Mhz  frequency  range. 

Photos  2A  and  2 b show  the  loss  in  both  lengths  of  RG-214/u 
cable  in  the  100-200MI1Z  frequency  range.  Photo  2A  is  calibrated 

at  10  cJB/cm,  photo  2B  is  calibrated  at  1 uB/cm. 
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Photos  3A  and  3B  show  the  loss  In  both  lengths  of  RG-214/u 

( 

cable  In  the  200-400  MHz  frequency  range.  Photo  3A  Is 
calibrated  at  10  dD/cm,  photo  3B  Is  calibrated  at  1 dd/cm. 

These  figures  of  cable  loss  must  be  taken  out  of  the 
photographic  data  presented  In  section  VII. 

For  example,  assume  the  AT - 1 97  is  the  transmitting  antenna 
and  is  located  36.5  feet  above  ground.  If  the  other  AT-197 
is  the  receiving  antenna  and  is  also  located  36.5  feet  above 
the  ground,  then  Plate  21  shows  the  coupling  between  these 
antennas  as  a function  of  frequency  for  a separation  distance 
of  7 feet.  At  a frequency  of  300  MHz,  Photograph  1 on  this 
plate  indicates  a value  of  approximately  -2t.5  dB. 

From  Figure  7,  photograph  3D,  the  attenuation  of  the  two 
72-foot  cables  Is  found  to  be  about  -6  dB.  Thus,  the  antenna- 
to-antenna  coupling  can  be  calculated  as  -27.5  - (-6)  « -21.5 
uB. 


VII.  TEST  RESULTS 

This  section  presents  the  results  of  the  field  tests  per- 
formed. The  data  Is  divided  Into  three  sections.  The  first 
section  contains  the  data  obtained  when  both  antennas  are 
located  on  the  same  pole. 

The  second  section  contains  data  for  horizontal  separation 
distances  of  6,  7 and  8 feet.  Data  were  primarily  obtained 
for  7 feet.  Conversion  factors  relating  this  data  to  the  other 
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two  distances  are  given,  and  their  use  is  shown  by  example. 

The  final  section  contains  data  for  a horizontal  separation 
of  20  feet. 

All  sections  contain  data  for  vertical  displacements  of  0, 

5 and  10  feet,  except  the  first  which  shows  data  for  only  the 
latter  two  vertical  displacement  distances. 

For  ease  in  locating  the  data  for  a particular  pair  of 
antennas,  an  Index  of  test  photos  Is  provided  immediately 
following  the  textua1  description  of  the  test  results. 

Coupling  levels  between  different  test  antennas  can  be 
read  directly  from  the  photographs.  Frequency  is  indicated 
in  MHz/cm  on  the  x axis.  Antenna  coupling  in  dB  Is  Indicated 
on  the  y axis.  Figure  7 shows  the  loss  of  144  feet  of  RG-214 
cable  over  the  100-400  MHz  frequency  range.  The  cable  loss 
at  a particular  frequency  must  be  subtracted  from  the  coupling 
level  on  the  photograph  to  indicate  the  actual  antenna  to  antenna 
coupling.  An  example  of  this  calculation  Is  shown  In  the 
preceding  section. 

Cata  for  the  single-pole  measurements  can  be  obtained 
directly  from  the  plates  in  section  1.  Briefly,  the  plates 
are  arranged  in  numerical  order,  based  on  the  model  number 
of  the  transmitting  antenna.  Four  additional  plates  are 
included  for  the  AS -1 181  antenna  showing  coupling  data  in  the 
VHF  range. 

For  example,  assume  the  transmitting  antenna  is  the  AS-1018 
and  the  receiving  antenna  Is  the  AS-1097.  The  heights  of  the 
antenna  are  3G.5  feot  and  46.5  feet,  respectively. 
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The  frequency  of  Interest  Is  270  MHz.  From  plate  7,  photo 
3,  the  coupling  Is  found  to  be  -49  dB.  The  cable  attenuation 
shown  In  photo  3B  of  figure  7 Is  -5.6  dB.  The  antenna-to- 
antenna  coupling  Is  calculated  as  -49  - (-5.6)  « -43.4  dB. 

Section  2 presents  coupling  data  and  calibration  factors 
for  horizontal  separation  distances  of  6,  7 and  8 feet.  This 
data  Is  presented  on  two  separate  plates  for  all  antenna  pairs 
except  for  the  following  two  cases: 

1.  AS - 1 181  transmit  to  AS-1097  receive  (Plate  49).  The 
calibration  factor  Is  shown  In  the  first  photo  instead  of  on 
a separate  plate. 

2.  AS-1181  transmit  to  AS-1181  receive  (Plate  58).  The 
frequency  range  measured  Is  out  of  band  for  this  antenna.  The 
data  will  be  used  to  validate  future  predictive  efforts  and  Is 
Included  only  for  completeness. 

Use  of  the  data  In  this  section  Involves  one  additional 
step  in  the  process  previously  shown  for  the  single-pole 
measurements.  First  the  coupling  is  found  for  the  specified 
antenna  pair,  the  specific  frequency  and  the  particular  antenna 
heights  from  the  first  plate  of  each  pair.  This  provides 
data  on  coupling  for  a horizontal  separation  distance  of  7 
feet  (for  example,  Plate  39).  If  data  is  required  for  either 
6-foot  or  8-foot  separation  distances,  a correction  factor 
must  be  obtained  from  the  second  plate  in  each  pair  (for  example, 
Plate  40). 

Either  one  of  two  formats  for  the  correction  data  Is  presented 
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on  the  second  plate.  In  the  first  format  (for  example,  Plate 
.’2),  three  curves  are  displayed  on  a single  photograph.  At 
the  le't,  the  upper  line  provides  coupling  data  for  a six-foot 
horizontal  separation  distance.  The  middle  curve  shows  data 
for  a seven-foot  separation  distance,  anu  it.  is  a repeat  of 
the  data  shown  in  photograph  1 on  the  first  plate  of  the  pair 
(for  example,  Plate  21).  The  bottom  line  is  the  coupling  that 
occurs  when  the  antennas  are  separated  by  eight  feet.  When 
both  antennas  are  at  the  same  height,  coupling  data  can  be 
obtained  from  the  calibration  photograph  directly,  without 
reference  to  the  first  plate  of  the  pair. 

In  the  second  format,  two  correction  photographs  are  on 
the  second  plate  of  the  pair  (for  example,  Plate  40).  One 
photograph  shows  coupling  for  a 6-foot  separation  distance, 
and  the  second  displays  coupling  for  an  13-foot  separation 
distance.  data  for  a 7-foot  distance  must  be  obtained  from 
the  first  plate  of  the  pair  (for  example,  Plate  39). 

If  the  data  is  required  for  vertical  displacements  of  either 
five  feet  or  ten  reet  and  a horizontal  separation  of  six  feet 
or  eight  feet,  then  the  difference  between  the  coupling  for 
six  or  eight  feet  and  seven  feet  respectively  must  be  applied 
to  the  coupling  on  the  respective  height  photo  given  on  the 
first  plate  of  the  pair. 

As  an  example,  assume  that  the  AS-1097  is  used  as  the 
transmitting  antenna,  and  the  AS -1 018  is  used  as  the  receiving 
antenna.  The  data  on  Plate  39  shows  that  when  both  antennas 
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are  at  the  same  height,  the  coupling  at  220  MHz  for  a separation 
distance  of  7 feet  Is  -31  dB.  On  Plate  40,  the  photo  listed  as 
six-foot  separation  Indicates  a coupling  level  of  -30  dB.  The 
eight-foot  coupling  level  on  the  same  plate  is  -33.5  dB.  The 
correction  factors  for  six-foot  and  eight-foot  separation  dis- 
tances are  +1  dB  and  -2.5  dt,  respectively. 

Therefore,  when  the  AS-1097  is  located  at  41.5  feet  above 
the  ground,  and  the  A5-1018  Is  located  36.5  feet  above  the 
ground  (transmitter  and  receiver  separated  by  5 feet  with  the 
former  higher),  the  coupling  is  found  from  photo  3 on  Plate  39 
3 s -47  dL  for  a six-foot  separation,  -48  dli  for  the  seven-foot 
separation  and  -50.5  dR  for  an  eight-foot  horizontal  separation 
distance.  The  respective  calculations  are: 

6- foot:  -48  + 1 + -47  db 

7- foot:  read  directly  as  -48  db 

8- foot:  -48  - 2.5  = -5G  5 dB 

To  obtain  the  antenna-to-antenna  coupling,  these  figures 
must  be  corrected  for  the  cable  losses  in  the  transmit  and 
receive  equipment  chains.  From  photo  3B  of  Figure  7,  the 


attenuat  ion 

in  the 

cables  is  found  to  be  -5  db. 

Thus,  the 

antenna-to- 

antenna 

coupling  for  eacn  separation 

distance  Is 

6-foot : 

-47  - 

(-5)  * _42  dB 

7-foot : 

-48  - 

(-5)  = -43  oE 

8-foot : 

-50.5 

- (-5)  = -45.5  d B 

Finally,  section  3 provides  coupling  data  for  a horizontal 
separation  distance  of  20  feet.  I'se  of  the  data  in  this  section 


,s  Identical  to  that  In  section  1 on  the  single-pole  measure 
cents.  See  the  previous  example  for  those  measurements  as  a 
guide  to  the  handling  of  the  data  In  section  3. 


i 
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TABLE  III  - INDEX  OF  TEST  PHOTOS 


Section  1 
Plate  1 - 

Plate  2 - 

Plate  3 

Plate  4 - 

Plate  5 - 

Plate  6 - 

Plate  7 - 

Plate  8 - 

Plate  9 - 

Plate  10- 


- Single  Pole  Measurements 


TX  ANT  AT  - 1 97 
(36. 5'  ) 

FREQ.  RANGE  200-400 

MHz 

RX  ANT 
(41.5') 

TX  ANT  AT  - 1 57 
(41. 5') 

FREQ.  RANGE  200-400 

MHz 

RX  ANT 
(36.5*  ) 

TX  ANT  AT -197 
(36. 5*  } 

FREQ.  RANGE  200-400 

MHz 

RX  ANT 
(46.5* ) 

TX  ANT  AT -1 97 
(46.5') 

FREQ.  RANGE  200-400 

MHz 

RX  ANT 
(36.5* ) 

TX  ANT  AS- 1 01 8 
(36.5'  ) 

FREQ.  RANGE  200-400 

MHz 

RX  ANT 
(41.5') 

TX  ANT  AS -1 01 8 
(41.5') 

FREQ.  RANGE  200-400 

MHz 

RX  ANT 
(30.5' ) 

TX  ANT  AS-1018 
(36.5'  ) 

RX  ANT 
(46.5’ ) 

FREQ.  RANGE  200-400  MHz 


A 

i 


AT  -1  97 

(1) 

AS-1018 

(2 

AS-1097 

(3 

AS  - 1 181 

(4) 

AT -1 97 

(1) 

AS-1018 

(2) 

AS-1097 

(3 

AS-1181 

(4) 

AT-197 

(1) 

AS-1  018 

(2) 

AS-1097 

(3) 

AS-1181 

(4) 

AT-197 

(1) 

AS-1 018 

(2) 

AS-1097 

(3) 

AS-1181 

(4) 

AT-197 

(1) 

AS-1018 

(2 

AS-1097 

(3 

AS-1181 

(4) 

AT-197 

AS-1018 

AS-1097 

AS-1181 

(1) 

(2) 

S3! 

AT  -1  57 
AS-1018 
AS-1097 
AS-1181 

a! 

as 

TX  ANT  AS - 1 01 8 
(46.5*  ) 

FREQ.  RANGE  200-400  MHz 


RX  ANT  AT  - 1 97  (1) 

(36.5* ) AS  - 1 018  (2) 
AS-1  097  (3) 
A S - 1 181  (4) 


TX  ANT  AS-1097 

RX  ANT 

AT-197 

(1) 

(36.5'  ) 

(41.5') 

AS-1018 

(2) 

FREQ.  RANGE  200-400 

MHz 

AS-1 097 
AS-1181 

a! 

TX  ANT  AS-1097 

RX  ANT 

AT-197 

(l) 

(41. 5'  ) 

(36.5'  ) 

AS-1  018 

(2) 

FREQ.  RANGE  200-400 

MHz 

AS-1 097 

(3) 

AS-1 1 81 

(4) 
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Plate  11  - 


Plate  12  - 


Plate  13  - 


Plate  14  - 


Plate  10  - 


Plate  16 


TX  ANT  AS-1097 
(36. 5 * ) 

FRtQ.  RANGE  200-400  MHz 

TX  ANT  AS-1097 
(46. 5') 

FREQ.  RANGE  200-400  MHz 

TX  ANT  AS-1181 
(36.5*  ) 

FREQ.  RANGE  200-400  MHz 

TX  AMT  AS-1101 
(41.5  * ) 

FREQ.  RANGE  200-400  MHz 

. TX  ANT  AS-1181 
(36.5*  ) 

FREQ.  RANGE  200-400  MHz 

. TX  ANT  AS-1101 
(46.5*  ) 

FREQ.  RANGE  200-400  MHz 


Plate  17  - TX  ANT  AS-llHl 
(36. 5') 

FREQ.  RANGE  100-160  MHz 


Plate  10  - TX  ANT  AS-1101 
<41.5*  ) 

FREQ.  RANGE  100-160  MHz 


Plate  19  - TX  ANT  AS-1181 
(36. 5'  ) 

FREO.  RANGE  1 00-160  MHz 


Plate  20  - TX  ANT  AS-U31 
(46.5'  ) 

FREQ.  RANGE  100-160  MHz 


RX  ANT  AT-197  (1  ) 

(46.5' ) AS-1018  (2) 
AS-1097  (3) 
AS-1181  (4) 

RX  ANT  AT-197  (1) 

(36.5')  AS-1018  (2 
AS-1097  (3) 
AS-1181  (4) 

RX  ANT  AT-197  (1  ) 

(41.5')  AS-1018  2 

AS-1097  (3) 

RX  ANT  AT-197  (1) 

(36.5')  AS-1018  (2 
AS-1097  (3) 

RX  ANT  AT -1  97  (1  ) 

(46.5' ) AS-1018  (2) 
AS-1097  (3) 

RX  ANT  AT-197  (1) 

(36.5')  AS-1018  (2) 
AS-1097  (3) 

RX  AN  AT-197  (1) 

(41.5  ) AS-1018  (2) 
AS-1  097  (3) 
AS-1181  (4) 

RX  ANT  AT-197  (I) 

(36.5')  AS-1018  (2) 
AS-1097  (3) 
AS-1181  (4) 

RX  ANT  AT-197  (1  ) 

(46.5'  ) AS-1018  (2) 
AS-1097  (3) 
AS-1181  (4) 

RX  ANT  AT -1  97  (1  ) 

(36.5' ) AS-1018  (2) 
2 AS-1  097  (3  ) 

AS-1181  (4) 


f 


Section  II  - Horizontal  Separation  of  6,  7,  8 feet. 


Plate 

21 

- TX  ANT  AT -197 

RX  ANT 

AT-197 

HEIGHT  36. 5‘ 

HEIGHT 

36.5' 

30.5’ 

41.5' 

36.5' 

46.5  ' 

41.5' 

36.5* 

46.5' 

36.5' 

FREQ.  RANGE  200-400 

MHz 

Plate 

22 

- TX  ANT  AT -197 

RX  ANT 

AT-197 

HEIGHT  36.5’ 

HEIGHT 

36.5' 

HORZ.  SEPARATION  6‘ 

- 7* 

- 8' 

FREQ.  RANGE  200-400 

MHz 

Plate 

23 

- TX  ANT  AT- 1 97 

RX  ANT 

AS-1018 

HEIGHT  36.5* 

HEIGHT 

36.5' 

36.5* 

41.5' 

3 G . 5 * 

46.5' 

41.5' 

36.5' 

46. C* 

36.5' 

FREQ.  RANGE  200-400 

MHz 

Plate 

24 

- TX  ANT  AT -1 97 

RX  ANT 

AS-1018 

HEIGHT  3C . 5 1 

HEIGHT 

36.5' 

HORZ.  SEPARATION  6* 

- 7* 

- 8' 

FREQ.  RANGE  200-400 

MHz 

Plate 

25 

- TX  ANT  AT-197 

RX  ANT 

AS-1097 

HEIGHT  36.5' 

HEIGHT 

36.5' 

36.5' 

41.5' 

3c . 5 ' 

46.5' 

41.5' 

36.5' 

46.5' 

36.5  ' 

FREQ.  RANGE  200-400 

MHz 

Plate 

2C 

- TX  ANT  AT-197 

RX  ANT 

AS-1097 

HEIGHT  36.5' 

HEIGHT 

36.5' 

HORZ.  SEPARATION  6' 

- 7* 

- 8' 

FREQ.  RANGE  200-400 

MHz 

F 1 a te 

27 

- RX  ANT  AT-197 

P.X  ANT 

AS-1 181 

HEIGHT  36.5' 

HEIGHT 

36.5' 

36.5' 

41.5' 

36.5* 

46.5' 

41.5' 

36. 5' 

46.5' 

36.5' 

FREQ.  RANGE  200-4CQ 

MHz 

24 


Plate  20  - 


Plate  29  - 


Hate  30  - 


Plate  31 


Plate  32 


Plate  33 


r’i.te  34 


Plate  35 


i 

h\ 

k 

It  ■ ■ ■ ■ 


TX  ANT  AT -197 
HEIGHT  36.5' 

liORZ.  SEPARATION  6'  - 8‘ 
FREQ.  RANGE  200-400  H Hz 


RX  ANT 
HEIGHT 


TX  ANT  AS- 1 01 8 I 

HEIGHT  36. b'  HEIGHT 

30.5* 

36.5' 

41.5' 

4 C . 5 1 

FREQ.  RANGE  2QQ-400  MHz 


TX  AhT  AS-1018 
HEIGHT  36.5' 

HQRZ.  SEPARATION  6'  - O' 
FREQ.  RANGE  200-400  MHz 


RX  ANT 
HEIGHT 


TX  ANT  AS-10ie 
HEIGHT  36. b* 

36.5' 

36.5' 

41.5* 

46.5* 

FREQ.  RANGE  200-400  MHz 


RX  AHT 
HEIGHT 


- TX  ANT  AS -101 8 
HEIGHT  36.5' 

HORZ.  SEPARATION  6*  - 8 
FREQ.  RANGE  200-400  MHz 


RX  ANT 
HEIGHT 


- TX  ANT  AS-1018 
HEIGHT  36.5' 

36.5* 

3G . 5 ' 

41  .5' 

46.5' 

FREQ.  RANGE  200-400  MHz 


RX  ANT 
HEIGHT 


- TX  ANT  AS-1G10 
HEIGHT  36.5* 

HORZ.  SEPARATION  6‘  - 0' 
FREQ.  RANGE  200-400  MHz 


RX  ANT 
HEIGHT 


- TX  ANT  AS-1018 
HEIGHT  36.5' 

36.5* 

36.5' 

41.5' 

46.5' 

FREQ.  RANGE  200-400  MHz 


RX  ANT 
HEIGHT 
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AS -1 1 81 
36.5' 


AT -1 97 

36.5' 

41.5' 

46.5' 

36.5' 

36.5' 


AT  -197 
36.5' 


AS  -1  013 

36.5' 

41.5' 

46.5' 

36.5' 

36.5' 


X 

4 

x 

i 

i 

! 


AS-1018 

36.5* 


AS-1097 

36.5' 

41.5' 

46.5' 

36.5' 

36.5' 


AS-1097 

36.5' 


AS-U81 

36.5' 

41  .5 
46.5' 
36.5' 
36.5' 


Plate  36 


RX  ANT  AS-HB1 
HEIGHT  36 .5 ' 


- TX  ANT  AS -1 01 8 
HEIGHT  36 . 5 ‘ 

HORZ.  SEPARAT ION  6'  - o 
FRLQ.  RANGE  200-400  MHz 

_ TX  ANT  AS -1097 
1 1 r_  I G H T 36.9 
36. b' 

36. b* 

41  .9* 

46.5' 

FREQ.  RANGE  200-400  MHz 

. TX  ANT  AS-1097 
HE IGhT  36.5' 

HOPZ.  SEPARATION  6 - B 

FREQ.  RANGE  200-400  MHz 


RX  ANT 
HEIGHT 


TX  ANT 
HEIGHT 


AS-1097 
36.9' 
36.5* 
36.5' 
41.5' 
46.5' 
RANGE  2C 


RX  ANT 
HEIGHT 


RX  ANT 
HEIGHT 


AT -197 

36.5' 

41.5' 

46.5' 

36. 9 ' 

36.5' 


A T - 1 9 7 
36.5' 


200-400  MHz 


Plate  40  - 

TX  ANT  AS-1097 
HEIGHT  36.5' 

HORZ.  SEPARATION  6 - » 

FREQ.  RANGE  200-400  MHZ 

RX  ANT 
HEIGHT 

AS-101B 

36.5' 

Plate  41 

TX  ANT  AS-1097 
HEIGHT  36.5' 

36.5* 

36.5* 

41.5' 

46.5' 

FPtQ.  RANGE  200-400  MHz 

RX  ANT 
HEIGHT 

AS-1097 

36.5' 

41  .5' 
46.5* 
36.5' 
36.5' 

Plate  42  - 

tx  ANT  AS-1097 
SLIGHT  36.5' 

HORZ.  SEPARATION  6'  - 8 
FREQ.  RANGE  200-400  MHz 

RX  ANT 
HEIGHT 

AS-1097 

36.5' 

Plate  43 

- TX  ANT  AS-1097 
HEIGHT  36.5' 

36.5' 

36.5' 

41.5' 

46.5' 

FREQ.  RANGE  200-400  MHz 

RX  ANT 
HEIGHT 

AS —1 1 8 1 

36.5' 

41.5' 

46.5' 

36.5' 

36.5* 

26 

f 

$ 


TX  ANT  AS ~1  097 
HL1GHT  36.5' 

HORZ.  SEPARATION  6'  - - 1 
FREQ.  RANGE  200-40C  MHZ 

TX  ANT  AS-llOl 
HEIGHT  3C  . 5 1 
36 . Ej  * 


RX  ANT  AS-! 181 
HEIGHT  3C . 5 ’ 


RX  ANT  AT -197 
HEIGHT  36. b' 


46. S' 

4 1 1 < 3 6 . 5 1 

46.5  JO , j 

FREQ.  RANGE  100-200  MHz 

TX  ANT  AS-1181  RX  ANT  AT-197 

HEIGHT  36.6'  l,LlGhl  35 

HORZ.  StPARAT ION  6'  - 7'  - 8 
.FREQ.  RANGE  100-200  MHz 


TX  ANT  AS-1181 

HEIGHT  36.5'  HEIGHT 

36.5' 

36.5' 

41.5' 

46.5* 

FREQ.  RANGE  100-200  MHz 

TX  ANT  AS-1181  55  t r ht 

HEIGHT  36.6'  HE*?HT 

HORZ.  SEPARATION  6'  - 7'  - 8 
FREQ.  RANGE  100-200  MHz 

TX  ANT  AS-1181  *“1 

HEIGH!  36.5'  HEIGHT 

36.6' 

36.5* 

41  .5* 

46. 5* 

FREQ.  RANGE  100-200  MHz 

. TX  ANT  AS-11C1  RX  AN1 

HEIGHT  36.5'  HEIGH 

3b. 5' 

36.5' 

41  . 5 ' 

46.6  ' 

FREQ.  RAhGE  100-200  i-ihz 

- TX  ANT  AS-1181  RX  JN 

HEIGHT  36.5'  HEIGH 

HORZ.  SEPARATION  6 - 7 - o 

FREQ.  RANGE  100-2C0  MHz 


RX  ANT  AS-1018 
HEIGHT  36.5' 


41  .5' 
46.5' 
36.51 
36.5* 


AS-1018 

36.5' 


RX  ANT 

AS-1097 

0 

HEIGHT 

36.5' 

41.5' 

ii 

46.5* 

36.5' 

36.5' 

P,X  ANT 

AS-1181 

HEIGHT 

30.5' 

41.5' 

46.5' 

36.5' 

36.5' 

|gr 

RX  ANT 

AS-1181 

w 

HEIGHT 

36.5' 

m 

P 1 a te 

52 

- TX  ANT  AS -1  181 

RX  ANT 

AT-197 

HEIGHT  36.5' 

HEIGHT 

36.0* 

3C  . 5 ‘ 

41.5' 

36.5' 

46.5' 

41.5* 

36.5' 

46,5' 

36.5' 

FRcQ.  RANGE  200*400 

MHz 

Plate 

53 

- TX  ANT  AS- 1 1 51 

RX  ANT 

AT-197 

HtlGiiT  ' 

HEIGHT 

36. 5' 

110  RZ  . SEPARATION  6' 

- S' 

FRCQ.  RANGE  200-400 

MHz 

Plate 

54 

- TX  ANT  AS -1  It1 

RX  ANT 

AS-1G1G 

FitlGKT  36.5' 

HEIGHT 

30.5' 

30.5* 

41.5' 

36.5' 

46.5' 

41.5* 

36.5' 

46.5' 

36.5* 

FREQ.  RAUGL  200-400 

MHz 

Plate 

55 

- TX  ANT  AS -1 181 

RX  ANT 

AS-1  01  £ 

HEIGHT  36.5' 

hCIGHT 

36. 5' 

IIORZ.  StPARATION  O' 

- a* 

FREQ.  RAliGL  200-400 

muz 

Plate 

5C 

- TX  A NT  AS-1 1 cl 

- RX  ANT 

AS-1 097 

HEIGHT  36. j' 

36.5' 

3C . 5 1 

41.0' 

3C.5  ' 

46. 5! 

41.5* 

36.5* 

4G . 5 1 

36.5' 

FREQ.  RANGE  200-400 

rlliZ 

Plate 

5 7 

- TX  ANT  AS-1U1 

RX  AMT 

AS-1 097 

HEIGHT  36.  O' 

HEIGHT 

36.5' 

r.ORZ . SEPARA1  lUN  6' 

- 6* 

FREQ.  RANGE  200-400 

MHz 

Plate 

5C 

- TX  ANT  AS- 1 1 81 

RX  ANT 

AS-1 181 

HEIGHT  36.5' 

HEIGHT 

36.5' 

30.5  1 

41.5' 

36.5' 

4 6.5’ 

41.5' 

5 i . b ' 

4 6.5' 

36.5' 

FREQ.  RAilGL  200-400 

MHz 

i 


Section  III 
Plate  59  - 


Plate  60  - 


Plate  61  - 


Plate  62  - 


Plate  63  - 


Plate  64  - 


- Horizontal  Separation  of  20  Feet 


TX  ANT  AT -1  97  RX  ANT 

HEIGHT  36.5'  HEIGHT 

36.5' 

36.5' 

41.5' 

4C . 5 ' 

FREQ.  RANGE  200-4G0  MHz 


AT-197 

36.5* 

41.5' 

46.5' 

36.5' 

36.5' 


TX  ANT  AT-197 
HEIGHT  36. 5‘ 
36.  i* 
36.5' 
41.5' 


RX  ANT  AS-1018 
HEIGHT  36.5' 

41  .5' 
46.5' 
36.5* 


46.5' 

FREQ.  RANGE  200-400  MHz 


36.5' 


TX  ANT  AT-197  RX  ANT 

HEIGHT  36.5'  HEIGHT 

36.5' 

36.5' 

41  .5' 

46.5' 

FREQ.  RANGE  200-400  MHz 


AS-1097 

36.5' 

41.5' 

46.5' 

36.5' 

36.5* 


TX  ANT  AT-197  ^ 

HEIGHT  36.5' 

36.5' 

36.5' 

41.5' 

46.5' 

FREQ.  RANGE  200-400 


RX  ANT  A S - 1 181 
HEIGHT  36.5' 
41.5' 
46.5' 
36.5' 
36.5' 

MHZ 


TX  ANT  AS-1018  RX  ANT 

HEIGHT  36.5'  HEIGHT 

36.5' 

36.5' 

41.5' 

46.5' 

FREQ.  RANGL  200-400  MHz 


AT-197 

36.5' 

41.5’ 

46.5' 

36.5' 

36.5' 


TX  ANT  AS-1018  RX  ANT 

HEIGHT  36.5'  HEIGHT 

36.5' 

36.5' 

41.5' 

46.5' 

FREQ.  RANGE  200-^00  I1liz 


AS-1018 

36.5' 

41.5' 

46.5* 

36.5' 

36.5' 


29 


Plate  05  - 


Plate  CO  - 


Plate  07 


Plate  68 


P 1 ate  69 


Plate  7C 


Plate  71 


TX  ART 
HEIGHT 


FREQ. 


O' 
6 ' 


AS  - 1 01  b 
30 
30 

36.5 

41.5 

40.5 
RAUCH 


RX  ANT 
HEIGHT 


200-400  MHz 


TX  AUT  A S - 1 01 8 
HEIGHT  36. o' 

36.5' 

36.5' 

41.5* 

46.5* 

FREQ.  RAilGE  200-400  MHz 


RX  AUT 
HEIGHT 


AS -1 097 

36.5' 

41.5' 

46.5* 

30.5' 

36.5* 


AS  -1 1 8 1 

30.5' 

41.5' 

40. 5‘ 

36.5' 

36.5* 


TX  AUT  AS -1 097 
HEIGHT  30.5* 

30.5' 

30.5' 

41.5* 

46.5' 

FREQ.  RAHGE  200-400 

- TX  AUT  AS-1097 
HEIGHT  36.5' 

36.5' 

36.5' 

41.5 

40.5 
FREQ.  RAH  G: 

- TX  AUT  AS-1097 
HEIGHT  30. 5‘ 

36.5' 

36.5' 

41.5' 

46.5' 

FREQ.  RANGE  200-400 

- TX  A NT  AS-1097 
HEIGHT  36.5' 

30.5' 

30.5' 

41.5' 

46.5' 

FREQ.  RANGE  200-4C0 


RX  ANT  AT  - 1 97 
HEIGHT  36.5’ 
41.5' 
46.5' 
36.5' 
36.5* 

MHz 


RX  ANT  AS-1018 
HEIGHT  36.5' 
41.5' 
46.5' 
36.5’ 
36.5' 

200-400  MHz 

RX  ANT  AS-1097 
HEIGhT  36.5* 

41  .5' 
46.5' 
36.5' 
30. 5 ' 

MHz 

RX  ANT  AS-11U1 
HEIGHT  36.5' 
41.5' 
46.5' 
30.5’ 
36.5' 

MHz 


- TX  AUT  AS -11 01 
HEIGHT  36.5' 

36.5* 

36.5' 

41  .5' 

46.5' 

FREQ.  RANGE  200-400  Hhz 


RX  AUT 
HEIGHT 


AT  -1  97 

36.5' 

41.5' 

46.5’ 

36.5’ 

30.5' 


Plate  72 


Plate  73 


TX  ANT  AS- U 81 
HEIGHT  36.5* 

36.5' 

36.5' 

41  .5* 

46.5* 

FREQ.  RANGE  200-40Q  MHz 


RX  ANT  AS-1018 
) HEIGHT  36.5* 
41.5' 
46.5* 
36.5* 
36.5* 


TX  ANT  AS-1181 
HEIGHT  36.5' 

36.5' 

36.5' 

41.5* 

46.5* 

FREQ.  RANGE  200-400  MHz 


flX  ANT  AS-1097 
HEIGHT  36.5* 
41.5* 
46.5* 
36.5* 
36.5* 


Plate  74 


TX  ANT  AS-1181 
HEIGHT  36.5* 

36.5* 

36.5* 

41.5* 

46.5* 

FREQ.  RANGE  200-400  MHz 


RX  ANT  AS-1131 
HEIGHT  36.5* 
41  .5* 
46.5' 
36.5* 
36.5* 


Plate  75  - 


Plate  76  - 


Plate  77 


Plate  78 


TX  ANT  AS-1181 

RX  ANT 

AT -1 97 

HEIGHT  36.5* 

HEIGHT 

36.5* 

36.5' 

41.5* 

36.5* 

46.5* 

41.0* 

36.5* 

46.5* 

36.5* 

FREQ.  RANGE  100-200 

MHz 

TX  ANT  AS-1181 

RX  ANT 

AS-1018 

HEIGHT  36.5' 

HEIGHT 

36.5' 

36.5* 

41.5* 

36.5' 

46.5* 

41.5' 

36.5* 

46.5' 

36.5* 

FREQ.  RANGE  100-200 

MHz 

TX  ANT  AS -1 1 61 

RX  ANT 

AS-1097 

HEIGHT  36.5' 

HEIGHT 

36.5' 

36.5' 

41.5' 

36. 5' 

46.5  ' 

41.5* 

36.5* 

46.5' 

36.5* 

FREQ.  RANGE  100-200 

MHz 

TX  ANT  AS-1181 

RX  ANT 

AS-1181 

HEIGHT  36.5' 

HEIGHT 

36.5  ' 

36.5' 

41.5* 

36.5' 

46.5  ' 

41.5' 

36.5  * 

46.5' 

36.5' 

FREQ.  RANGE  100-200 

MHz 

31 


5 

1 

! 

} 

i 

i 

•1 

•i 

J 


i 


$ i 

1 i 

1 ; 


-r»  _ . - e-&r>  f-**'  + 


HU GHT  TX  36,5*  RX  41. S'  (1/ 


SINGLE  POL!; 
TX  A.N1  AT- 107  R 


RFC.  RNR/OEN  I’KR 
10  (10/ CM  BELOW  IER( 
RKFf.RK.NCE  LINE 
CABLE  ATTN.  INCLllDf 


FREQUENCY  range 
FREQUENCY  SCALE 


HEIGHT  TX  36.5'  RX  41.5'  (2) 


HEIGHT  TX  36 


a 


5 

'i 


j 


iitiniT  TX  36. b*  RX  46.5’  f)l  SINGLE  POLE  MEASUREMENTS 


"‘Vr-- ...'-v;  , p 


HEIGHT  TX  41. S'  RX  36.S'  (1) 


a 


SINGLE  POLE  MEASUREMENTS 
TX  ANT  AS-1181  RX  ANT  AT-197  (1) 

AS-1018  (2) 

AS-1097  (3) 


REC.  PWR/GEH  PNR 
10  dB/CM  BELOW  ZERO 
REPERENCE  LINE 

CABLE  ATTN.  INCLUDED  S.0-7.7  dB 


FREQUENC  Y RANGE  200-400  MHz 

FREQUENCY  SCALE  20  MHz/CM 


HEIGHT  TX  41. S'  RX  36. S'  f21 


'A  ^1.5'  KA  JO, 


* 


' S~****- 


XA 


45 


‘-*c-  ' 


HEIGHT  TX  36.$’  RX  46. S’  Til 


SINGLE  POLF  MEASUREMENTS 
TX  ANT  AS  - 1 1 81  RX  ANT  AT-197  (1) 

AS-1018  (2) 

AS-1097  (3) 


RFC.  PWR/GF.N  PWR 
10  dB/CM  BELOW  2F.RO 
RFFF.RFNCF.  LINE 

CABLE  ATTN.  INCLUDED  S.0-7.7  dB 


FREQUENCY  RANGE  200-400  Milt 

FREQUENCY  SCALE  20  Mils /CM 


height 


2jL36.5'  RX  46.5*  fxt 


TRANSMIT 

AT-197 


ANTENNA 


RECEIVE 
AT- 197 


REC.  PWR/GEN  PWR 
10  dB/CM  BELOW  ZERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  S.0-7.7  dB 


FREQUENCY  RANGE  200-400  MHz 

FREQUENCY  SCALE  20  MHz/CM 


HEIGHT  TX  36. S'  RX  36. S' 


HORIZONTAL  SEPARATION  6’-7’-8’ 


TiWNSV.IT 
•XT- 107 


ANTf.NNA 


RKCf'IVF. 
AS- 1018 


;; ; t . rw>/r.!  n pwp 
i n .in/;  v 8 no*  :r»n 
U|  ri  pi  scr  MS!. 

T\RU  \TTN . INCLtlMH'  S.0-7.7  c 


umOU'.O  kA\r.i  pnn-iion  mm 

r:<;  \.'V  S(  \1.!  Ml:z/i  -1 


lirlf.MT  TX  36. 51  RX  36. S 


7t 


ANTENNA 

TRANSMIT  RECEIVE 

AT- 197  AS- 1097 


REC.  PWR/GEN  PWR 
10  dB/CM  BELOW  ZERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  S.0-7.7  dB 


FREQUENCY  RANGE  200*400  MHz 

FREQUENCY  SCALE  20  MHt/CM 


HEIGHT  TX  36. S*  RX  36.5* 


HORIZONTAL  SEPARATION  - 6' -7' -8' 


57 


27 


ANTENNA 


M 


TRANSMIT  RECEIVE 

AT-197  AS-1181 

REC.  PVR/GEN  PNR 
10  dB/CM  BELOW  ZERO 
REFERENCE  LIKE 

CABLE  ATTN.  INCLUDED  S.0-7.7  dB 

FREQUENCY  PANCE  200-400  MHt 

FREQUENCY  iCALE  20  Wz/CM 


HORIZONTAL  SEPARATION  - 6' 
HE  I an  TX  36. S'  RX  36. S* 


HORIZONTAL  SEPARATION  • «• 

HEIGHT  TX  36. S* 


RX  36. S' 


■^;V 


TRANSMIT 

AS-1018 


ANTENNA 


RECEIVE 
AT- 19 7 


REC.  PWR/GEN  PWR 
10  dB/CM  BELOW  ZERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  5. 0-7. 7 dB 


FREQUENCY  RANGE  200-400  MHi 

FREQUENCY  SCALE  20  MHz/CM 


HORIZONTAL  SEPARATION  - 6' 
HEIGHT  TX  .16.  S'  RX  36  . S ’ 


HORIZONTAL  SEPARATION  - 8' 


HEIGHT 


TX  36.3  ' UX  36.3 


il  li  '.ill  ! V V.  . . ..  ' 


antfnna 

transmit  m a i vi 

AS-101R  AS-1018 

IIOK:.  Sri’ARATIOS  - 7 ft. 


kic.  rwR/ni.N  pwr 

10  dl/CM  III  LOU  ZI  KO 
HIFIkINCI.  LIS! 

CABl.F.  AITS  INCL'IOUl  S.0-7.7  dB 


FRF.QIIF-NCY  RANf>L  200-400  MHz 

FRF.QUF.NCY  SCALL  20  Mllz/CM 


bZ 


j . 

I 

I 

i 

i ■ 

j 

i 

;i  HORIZONTAL  SEPARATION  - (s’ 

ii 

HI  I'.i IT  T\  36.5'  RX  3b.  S* 


ANTENNA 


m 


TRANSMIT 

AS-1018 


RECEIVE 

AS-1097 


REC.  PNR/CEN  r.VR 
10  dB/CM  BELOW  EERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  S.0-7.7  dB 


FREQUENCY  RANGE  200-400  MHz 

FREQUENCY  SCALE  20  MHz/CM 


HORIZONTAL  SEPARATION  - 8 ' 


HEIGHT  TX  36. S*  RX  36.5' 


ANTENNA 

TRANSMIT  RECEIVE 

AS-1018  AS-1181 


REC.  PWR/GEN  PWR 
10  dB/CM  BELOW  ZERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  S.0-7.7  dB 


FREQUENCY  RANGE  200-400  MHi 

FREQUENCY  SCALE  20  MHit/CM 


HORIZONTAL  SEPARATION  - 6' 


HEIGHT  TX  36. S'  RX  36. S' 


HORIZONTAL  SEPARATION  - 8' 


36 


7i 

M 

| 

:a 


’if 


\ 

i 

i 

a 


1 


HEIGHT  TX  36.5’  RX  36.5 


HEIGHT  Tt  W V 


fix  xa  <;• 


ANTENNA 


TRANSMIT  RECEIVE 

AS-1097  AT- 197 

HORZ.  SEPARATION  - 7 FT. 


REC.  P NR/ GEN  PWR 
10  dB/CM  BELOW  2ERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  S.0-7.7  dB 


FREQUENCY  RANGE  200-400  MHz 

FREQUENCY  SCALE  20  MHz/CM 


HEIGHT  TT  30 . S ' RX  41. S’  HEIGHT  TX  41. S’  RX  36. S 


antenna 

TRANSMIT 

AS-1097 


RECEIVE 
AT- 197 


REC.  PNK/GEN  PWR 
10  dB/CM  BELON  2ER0 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  S.O-7.7 


dB 


FREQUENCY  RANGE  200-400  MHz 

FREQUENCY  SCALE  20  Miz/CM 


HORIZONTAL  SEPARATION  - 6' 
HEIGHT  TX  36. S'  RX  36. S' 


HORIZONTAL  SEPARATION  - 8' 


HEIQfT  TX  36.5’  RX  36. S 


39 


HrlGHT  TX  T6.S'  RX  V..K' 


ANTENNA 

TRANSMIT 

AS-1097 

HORZ.  SEPARTION  - 


RECEIVE 
AS-1018 
7 F.T 


REC.  PWR/GEN  PWR 
10  dB/CM  BELOW  ZERO 
REFERENCE  LINE 
CABLE  ATTN.  INCLUDED 


5. 0-7. 7 dB 


FREQUENCY  RANGE  200-400  MHz 

FREQUENCY  SCALE  20  NKz/CM 


1 


ANTENNA 

TO  AN SUIT  RECEIVE 

AS-1097  AS-1018 


REC.  PWR/CEN  PWR 
10  dB/CM  BELOW  ZERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  5. 0-7. 7 dB 


HORIZONTAL  SEPARATION  - 6‘ 

% 

HEIGHT  TX  36. S'  RX  36. S' 


FREQUENCY  RANGE  200-400  MHz 

FREQUENCY  SCALE  20  MHz/CM 


HORIZONTAL  SEPARATION  - 8* 


HEIGHT  TX  36.5'  RX  36. S 


'■  «v-*V 


s 

1 


ANTENNA 

TRANSMIT  RECEIVE 

AS- 1097  AS-1097 


42 


REC.  PKR/GES  PKR 
10  d B/CM  BELOW  HERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  5. 0-7. 7 dB 


i 


FREQUENCY  RANGE  200-400  MHz 

FREQUENCY  SCALE  20  MU: /CM 


HORIZONTAL  SEPARATION  - B’ 


i 

4 

i 


TRANSMIT 
AS- 109/ 


ANTENNA 


44 


-vv 


receive 

A5-1181 


REC.  P NR/GEN  PWR 
10  dB/CM  BELOW  2ERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  S.0-7.7  dB 


FREQUENCY  RANGE  200-400  MHl 


FREQUENCY  SC.ALE  20  MHl/CM 


HORIZONTAL  SEPARATION  - 6> 


4 

! 


HEIGHT  TX  36.5'  RX  36. S' 


HORIZONTAL  SEPARATION  - R' 
HEIGHT  TX  36.5'  RX  36. S' 


1 

i 

4 

i 

4 

i 


75 


height 

TX  36. S ' 

RX  36.5' 

ANTENNA 

TRANSMIT  RECEIVE 
AS-1181  AT- 197 
1I0RZ.  SEPARATION  - 7 FT. 

— -»~7- 



■ * 

f ' . 

- # • 

• <3 

■ I 

*>•  • 

* 

RhC . PWR/GEN.  PWR 

, . 

1 OdE/CM  BELOW  2ER0 

**Vv 

'Vw 

REFERENCE  LINE 

* 

CABLE  ATTN.  INCLUDED  3. 4-5.0  U8 

. f 

J ■ t 

• 

» 

r*’  • 

. f 

rREQUENCY  RANGE  100-200  MHz 

FREQUENCY  SCALE  10  MHz/CM 

^ **■ 

* m 

fl 

r 

HEIGHT 

TX  36.5’ 

RX  41. S’ 

HEIGHT  TX  41.5*  RX  36.5’ 

•*  * ■ l ' 


. V*  -f.  ' . 

V -V.  ■ 


. * * 


/ • • c 


HE* GUT  TX  36.5'  RX  46.5' 


* ■'<&*  \ 


■■; 


"I  * *4*  *-  $#..: . 


HEIGHT  T;  46.5'  RX  36.5' 


rr 

- r'c  •** 


, *i  -•  .iiais&k 
'•4  ; JtV/T 


[■’f .’*» 


TRANSMIT 

AS-1181 


ANTENNA 


RECEIVE 

AT-197 


REC.  PHR/GEN.  PWR 
lOdB/CM  BELOW  ZERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  3. 4-5.0  dB 


FREQUENCY  RANGE  lOO-JOO  MHz 

FREQUENCY  SCALE  10  MHz/CM 


HEIGHT  TX  36. S'  RX  X6.S' 


HORIZONTAL  SEPARATION  - 6 ’-7 ’-8' 


HEIGHT  TX  36.5 


HEIGHT  TX  36.5 


HEIGHT  TX  36.5'  RX  46.5 


Wfc  •?!■  . ■> 


; • .iur..  ' •.  /#’;r 1 

•.  -* ; ■ **•  tV  ■ ’ 


$ j ;r ' y" 


nt  v.s'in  ki  ri  i vi 

NS-'.IRl  AS-1US 

I I'll;  3 . SEPARATION  - 7 PI. 


SEC.  PWk/GEH.  PWR 
lOdb/CM  BELOW  ZERO 
REFERENCE  LINE 

CABLE  AT1N.  INCLUDED  3.4-5. 0 at 


FREQUENCY  RANGE  100-200  Mill 

FREQUENCY  SCALE  10  MHl/MC 


HEIGHT  TX  41.5' 


RX  36.5' 


im.  • ^rjpc^ar^  — 


ANTENNA 

TRANSMIT  RECEIVE 

AS-I1S1  AS-101R 


WSk/BPtfBii  5fio 
SSfBU'StL.*.  « 

FREQUENCY  RANGE  100-200  MU 
FREQUENCY  SCALE  10  MU/CM 


HEIGHT  TX  36. S’  RX  36.5’ 


HORIZONTAL  SEPARATION  - 6,-7'-8‘ 


79 


TRANSMIT 

AS-1181 


ANTENNA 


RECEIVE 
AS- 1181 


REC.  PWR/CEN  PNR 
10  de/CM  8ELOW  ZERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  3.4-S.O  dB 


FREQUENCY  RANGE  100-200  MHZ 

FREQUENCY  SCALE  10  MHz/CM 


HORIZONTAL  SEPARATION  - 6’ -7 ’-8' 


82 


HORIZONTAL  SEPARATION  - 6* 
HEIGHT  TX  36. S'  RX  36. S' 


TRANSMIT 

AS-1181 


ANTENNA 


RECEIVE 

AT-197 


N 


REC.  PWR/CF.N  PWR 
10  dB/CM  BELOW  ZERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  5. 0-7. 7 dB 


FREQUENCY  RANGE  200-400  MHi 

FREQUENCY  SCALE  20  Wt/CM 


HORIZONTAL  SEPARATION  - 8’ 


HEIGHT  TX  36.$'  RX  36. S' 


ASTF.KSA 

TRANSMIT  RECEIVE. 

AS-1181  AS-lOlfi 


REC.  PKR/GF.N  PH’R 
10  dR/CU  BELOW  ZERO 
REFERENCE  LINE 

CA3LE  ATTN.  INCLUDED  S.0-7.7  dF. 


FREQUENCY  RANGE  200-400  MHz 

FREQUENCY  SCALE  20  MHz/CM 


HORIZONTAL  SEPARATION  - 6' 


HEIGHT  TX  36. S'  RX  36. S' 


HORIZONTAL  SEPARATION  - S' 


HEIGHT  TX  36  S'  RX  36.5' 


rsrwrrr,  «w*'  WP»ss«w»a^' «p*iai<^*B9w:  > 


ANTENNA 

TRANSMIT  RECEIVE 

AS-11S1  AS- 1097 


1ST 


REC.  PNR/GEN  PNR 
10  dB/CM  BELOW  ZERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  S.0-7.7  dB 


FREQUENCY  RANKE  200-400  Mlt 

FREQUENCY  SCALE  20  Htt/CM 


HORIZONTAL  SEPARATION  - 6* 


MIGHT  TX  36. S'  RX  36. S' 


HORIZONTAL  SEPARATION  - 81 
HEIGHT  TX  36. S'  RX  36. S' 


HEIGHT 


TX  Sh.S*  RX  56. S' 


ANTENNA 

TRANSMIT 

AS-U81 

II0R2.  SEPARATION  - 


RECEIVE 
AS-1181 
7 FT. 


REC.  PWR/GEN  PWR 
10  dB/CM  BELOW  ZERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  5. 0-7. 7 dB 


FREQUENCY  RANGE  200-400  MHz 

FREQUENCY  SCALE  20  Mllj/CM 


HEIGHT  TX  36.  S'  RX  41. S 


itt.ir.in 


TX  41.3'  RX  3(i . 3 


ill.  1 ' »HT  TX  36. S' 


RX  36.  S’ 


A~,1  INNA 


TRANSMIT  Hi  C!  I VI 

AS- 1007  AS - 1 i K 1 

linu:.  SEPARATION  - 20  FT. 


Rt  C - PHR/Gl'l  P.VR 
|J  db/CH  EE  LOW  ZERO 
RE  Fi_RtiiCL  UMt 

CA6LE  AT  Til . I r.Cl  UUE  D p. 0-7.7  dd 


FrLJULtiCX  KATGt 
FRE'JOEf.CV  SCALE 


2U0-R0U  H‘:4 
2U  MHz/LM 


HF.ir.nr  T.  41. S'  RX  56. S' 


HEIGHT  TX  56. S'  RX  46.5' 


HEIGHT  TX  46.5'  RX  36.5 


m 


E 


HEIGHT  TX  36.5'  RX  <6. 5' 


HEIGHT  TX  46.5*  RX  36. S' 


ANTENNA 

TRANSMIT  RECEIVE 

AS-1181  AT- 197 

H0R2 . SEPARATION  - 20  FT 


REC.  PWR/GEN.  PWP 
lOdB/CM  BELOW  2ERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  I. *-5.0  dB 


FREQUENCY  RANGE  100-200  MU2 

FREQUENCY  SCALE  10  M1IZ/CM 


HEIGHT  TX  41. S'  RX  3*. S' 


HEIGHT  TX  46. S'  RX  36. S' 


7\  ‘6.:.'  rx  3f- - s • 


ANTENNA 

transmit  receive 

AS- 1181  AS- 1097 

mor;.  separation  - 20  ft. 


Rrc.  PWR/GEN.  PWR 
1 OtlR/CM  RELOW  2ER0 
REFERENCF  LINE 

CARLE  ATTN.  INCLUDED  3.4..S.0  dfi 


frequency  range  ioo-;oo  Vic 

FREQUENCY  SCALE  10  MIC/CM 


HEIGHT  TX  36.5*  RX  41. S' 


lir.IGHT  TX  41. S’  RX  36. S' 


HEIGHT  TX  36. S'  Rx  46. S 


HEIGHT  TX  46.5'  RX  36. S' 
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HEIGHT  TX  36.  S'  IU  36. S 


ANTENNA 


n 


r 

i 

i 


i 

i 

i 


TRANSMIT  RECEIVE 
AS-1181  AS-118I 
HORZ.  SEPARATION  - 20  FT. 


REC.PWR/GEN.  PWR 
10  dB/CM  BELOW  ZERO 
REFERENCE  LINE 

CABLE  ATTN.  INCLUDED  $.4-5.0  dB 


FREQUENCY  RANGE  100-200  MH2 

FREQUENCY  SCALE  10  mz/CM 


HEIGHT  TX  $6.5'  RX  46.5' 


HE1WT  TX  46.5’  RX  $6.5* 
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MISSION 

of 

Rome  Air  Development  Center 


RADC  plans  and  conducts  research , exploratory  and  advanced 
development  programs  in  command,  control,  and  conmunications 
(C  ) activities,  and  in  the  areas  of  information  sciences 
and  intelligence.  The  principal  technical  mission  areas 
are  communications , electromagnetic  guidance  and  control, 
surveillance  of  ground  and  aerospace  objects,  intelligence 
data  collection  and  handling,  information  system  technology, 
ionospheric  propagation,  solid  state  sciences,  microwave 
physics  and  electronic  reliability , maintainability  and 
compatibility. 


